Abstract: There is a lack of studies assessing if race impacts the efficacy of 3-hydroxy-3-methyl-glutaryl-CoA reductase (HMGCR) inhibitor (''statin'') therapy on renal transplantation (RTx) outcomes. We examined the association between statin therapy and RTx outcomes, while concurrently quantifying the effect modification African American (AA) race has on statin efficacy.
INTRODUCTION

D
yslipidemia is a common finding in renal transplant recipients (RTR) and is a predominant risk factor for premature cardiovascular disease (CVD) and death. 1 The annual mortality associated with CVD in RTR may be up to 46 times higher than the general population in certain age groups. 2 Studies demonstrate cardiovascular (CV) events are the leading cause of graft loss with function 3, 4 and that dyslipidemia is a risk factor for the development of chronic graft failure. 5, 6 Treatment of dyslipidemia in RTR results in a decrease in CV events. 7 3-Hydroxy-3-methyl-glutaryl-CoA reductase (HMGCR) inhibitors (''statins'') are the treatment of choice and the most common, safe, and efficient antilipemic agents used in RTR. 1, 8 Several studies [9] [10] [11] [12] have examined the effect of statin therapy in RTR outcomes (particularly acute rejection) and most found no effect on outcomes. On the contrary, a retrospective study on the benefits of statins on RTR outcomes demonstrated that statin therapy had beneficial effects on RTR outcomes-acute rejection, graft loss, and death. 13 African Americans (AA) are less likely to receive statin therapy following renal transplantation 14 despite being more likely to die post-transplant compared to non-African Americans (non-AA). 15 The reason for this finding among African Americans remains unclear. Conversely, the disproportionate CVD risk and CVD risk treatment among AA in general renal transplant recipient populations is well established; 16 however, there is a lack of studies assessing if race impacts the efficacy of statin therapy on RTR outcomes. Thus, the objective of this study was to examine the association between statin therapy and clinical outcomes in renal transplant recipients, while concurrently quantifying the effect modification AA race has on statinassociated efficacy. The study hypotheses are that statin therapy improves graft outcomes, and this effect is significantly modified by AA race.
METHODS
Study Design
This was a retrospective longitudinal cohort study of solitary adult renal transplantation (RTx) at a tertiary institution, which included recipients transplanted between June 2005 and May 2013. Patients were eligible if they were 18 years old or older and renal transplant recipients (RTR) with follow-up care at our facility. We excluded patients <18 years old, nonrenal transplant recipients, and those lost to follow-up. 
OUTCOMES
The primary outcomes for this study were incidence of acute rejection, graft loss, and time to death in ''high statin users'' and ''low statin users'' renal transplant recipients. We also sought to determine if the effect of statins on graft outcomes differed across AAs versus non-AAs by using interaction terms in multivariable models.
Variable Definitions
Statin use: ''high statin use'' was defined as receiving statin therapy at least 50% of the post-transplant follow-up time, which was consistently documented in the medical record. ''Low statin use'' was defined as receiving statin therapy <50% of the post-transplant follow-up time. For ease of comparison, all statin doses were transformed to atorvastatin equivalence using standardized dose equivalent. 17 Race: this was self-reported, captured at the time of kidney transplant. Race was dichotomized to AA and non-AA, as we have very low numbers of Asians and non-Black Hispanic recipients.
Acute rejection: this was defined as biopsy proven with a Banff score of at least 1A criteria. 18 Graft loss: this was defined as return to chronic dialysis or death.
Heart disease: this was defined as history of heart disease in medical record before transplant.
Statistical Analysis
Baseline characteristics were compared across groups using Student's t test for continuous variables and chi square test for categorical variables. For univariate time to event analysis, Kaplan-Meier survival estimates were utilized with comparisons conducted using the log rank test. Cox regression model was used to examine the impact of statin therapy on graft loss, acute rejection, and death and determine if significant interactions exist between statin therapy and race. Models were adjusted for demographics, socioeconomic status, cardiovascular history, medication use, and transplant characteristics. Statistical significance was based on P value <0.05. SPSS version 21.0 was used for statistical analysis (IBM, Armonk, NY).
RESULTS
One thousand, one hundred and seventy-six renal transplant recipients (RTR) were included in the analysis, of which 53% were AA and 47%were non-AA; the majority of the RTR were males. The average age of AA and non-AA patients was 54 and 56 years old, respectively. The average dose and years on statin therapy was 19.4 AE 13.3 mg/day (atorvastatin equivalents) and 1.8 AE 0.8 years in AA, and 19.9 AE 14.6 mg/day and 1.7 AE 1.0 years in non-AA (Table 1) . Duration of diabetes and donor age was similar in both racial groups. Mean LDL and triglycerides levels in AA were 94 AE 29 mg/dL and 133 AE 118 mg/dL compared to 90 AE 38 mg/dL and 163 AE 83 mg/dL in non-AA (P ¼ 0.053 and <0.001, respectively).
High statin users were more likely to have Medicare/ Medicaid insurance, diabetes, obesity, hyperlipidemia, heart disease, cardiac catheterization, coronary artery bypass grafting (CABG), and retransplant, which was independent of race ( Table 1) . AA reported less cigarette smoking and were more likely to receive pretransplant dialysis compared to non-AAs, regardless of statin therapy category; history of acute MI was more predominant in non-AA RTR.
The unadjusted incidence of acute rejection, graft loss, and death were higher (16.6%, 19.2% and 11.1% respectively) in AA low statin users compared to high statin users (see Table 2 ). The same trend was observed in non-AA except for the outcome of death. The incidence of new-onset diabetes in AA were 10.8% among low statin users and 12.8% among high statin users, which was not statistically significant, P value 0.43 (data not shown). New-onset diabetes was also not statistically significant (P value 0.17) in non-AA low statin users (7.2%) compared to high statin users (10.5%).
After adjusting for covariates (age, gender, insurance, cardiovascular risk factors, transplant characteristics, immunologic risk factors, and medications) high statin users had 52% lower risk of developing graft loss (HR 0.48, 95% CI 0.29-0.80) compared to low statin users. In the overall population, high statin use did not significantly reduce the risk of death (HR 0.50 95% CI 0.23-1.06) or influence the incidence of acute rejection (HR 0.77, 95% CI 0.46-1.27).
Effect Modification of Statin Therapy by Race
Graft survival was improved by high statin use in both AA and non-AA to a similar magnitude and the effect of high statin therapy on improving graft survival was not appreciably modified by recipient's race (Fig. 1) .
There was a statistically significant interaction between race and high statin use for death (P ¼ 0.007), but not for graft loss (P ¼ 0.121) or rejection (P ¼ 0.605), data not shown. After stratifying the data by race (see Table 3 and Figure 2 ) the Cox regression analysis demonstrated high statin use reduced the risk of death in AA (HR 0.43, 95% CI 0.20-0.94), but not in non-AA (HR 1.09, 95% CI 0.49-2.44). In both AA (HR 0.32, 95% CI 0.14-0.76) and non-AA (HR 0.39, 95% CI 0.16-0.99), high statin use had a significant influence on graft loss. High statin use did not reduce the risk of acute rejection in either AA or non-AA.
DISCUSSION
Overall, this study demonstrates that African Americans (AA) and non-AA were equally likely to receive statins; with graft survival being significantly better in patients receiving this therapy at least 50% of the post-transplant follow-up time. High statin use did not influence risk of death or acute rejection in the overall population. However, after stratification by race, African Americans (AA) had a significant mortality benefit from high statin use, which was not demonstrated in non-AA.
Recipients race had no effect modification for statin efficacy on either graft survival or acute rejection.
The lower likelihood of graft loss in the overall study population with high statin use may be due to reduction in graft atherosclerosis. 19 Although the mortality benefit of high statin use among AA is unclear, we speculate that this could be related to high prevalence of cardiovascular risk factors and cardiovascular disease in AA compared to non-AA 20 and due to the cardioprotective effects of statins. 21, 22 This mortality benefit of high statin use was apparent early and the survival curves continued to diverge for upwards of 7 years post-transplant. These findings are of great significance given the well-established health disparities that currently exist in renal transplant outcomes; aggressive statin therapy especially in AA renal transplant recipients (RTR) may contribute to narrowing this existing disparity.
The findings of our study are consistent with most previous studies, which demonstrate that statin therapy has no effect on acute rejection. Although statin therapy has been postulated to have pleiotropic immunomodulatory effects, which theoretically may reduce the risk of acute rejection, there is a lack of consistent clinical evidence to support this hypothesis. [10] [11] [12] The ALERT extension study, 7 a 2-year preplanned extension of the largest prospective randomized statin therapy trial conducted in RTR, demonstrated that statins did not reduce all-cause mortality or graft loss. However, this study utilized a lowpotency statin (fluvastatin), was conducted in patients receiving cyclosporine-based therapy, and contained a predominantly homogenous non-Black population. Thus, it is difficult to compare data from previous trials as the population studied lacks significant numbers of AA and received vastly different immunosuppression, leading to different cardiovascular risk factors and factor control rates. A retrospective analysis by Lisik et al 23 demonstrated that statin therapy was beneficial in the outcomes of acute rejection, graft loss and death, which differed from our findings in regard to acute rejection. 13 It is not fully clear why this difference exists, but it may be related to the use of very different immunosuppressant regimens (sirolimus and cyclosporine), which are known to have a significantly larger influence on serum lipoprotein concentrations. Consistent with this, the baseline LDL and TG levels of patients in the Lisik study were substantially higher than our study patients.
The results of this study are novel in that previous studies assessing statin efficacy in RTR have failed to include a significant number of AA recipients and thus did not analyze the impact of race on statin therapy efficacy. Previous studies conducted in dialysis patients demonstrate that AA are less likely to receive statin therapy over time, 14 our findings indicate that AA have a substantial benefit from statins and thus a compelling reason to optimize statin therapy AA renal transplant recipients. Ultimately, these results suggest clinicians should thoroughly assess the need for statin therapy in all RTR, regardless of race. Model adjusted for age, gender, insurance, hypertension, diabetes, pretransplant dialysis, retransplant, current panel reactive antibody (PRA), human leukocyte antigen (HLA) mismatches, donor extended criteria donor (ECD), delayed graft function (DGF), smoking, history of heart disease, stroke, coronary artery bypass grafting (CABG), cardiac catheterization and acute myocardial infarction (MI); medications-beta blocker, angiotensinconverting-enzyme inhibitor/angiotensin II receptor blockers (ACEI/ARB), antiplatelet therapy, tacrolimus, cytolytic induction therapy. FIGURE 2. Cox regression survival estimates of influence of statin therapy on patient survival stratified by race and adjusted for by age, gender, insurance, cardiovascular risk factors, transplant characteristics, immunologic risk factors, beta blocker, ACEI/ARB, and antiplatelet therapy. AA ¼ African Americans, ACEI ¼ angiotensin-converting-enzyme inhibitor, ARBs ¼ angiotensin II receptor blockers.
